Abstract. The development of intelligent environments requires handling of data perceived from users, received from environments and gathered from objects. Such data is often used to implement machine learning tasks in order to predict actions or to anticipate needs and wills, as well as to provide additional context in applications. Thus, it is often needed to perform operations upon collected data, such as pre-processing, information fusion of sensor data, and manage models from machine learning. These machine learning models may have impact on the performance of platforms and systems used to obtain intelligent environments. In this paper, it is addressed the issue of the development of middleware for intelligent systems, using techniques from information fusion and machine learning that provide context awareness and reduce the impact of information acquisition on both storage and energy efficiency. This discussion is presented in the context of PHESS, a project to ensure energetic sustainability, based on intelligent agents and multi-agent systems, where these techniques are applied.
Introduction
Ubiquitous spaces are a common research field nowadays, mostly due to the increase in sensors installed on environments and the technological opportunity it presents. This, coupled with the recent surge of ubiquitous devices and applications, has led to the opportunity to create budget-friendly intelligent environments with different objectives, ranging from energy efficiency, sustainability and user comfort [1], [2], acquiring user context, assisted living and automate tasks [3] , [4] . Such environments are able to monitor users, objects and the environment itself, generating rich sets of data, upon which may be used to make decisions and perform optimizations. In a wide range of practical applications, information is obtained not only from processing data acquired through sensors in a ubiquitous environment, but also from information and knowledge shared across environments, such as mathematical models, profiling and machine learning models. Contexts can be created by fusing data from sensors and other sources of information. Such concept is designated as information fusion and is used for tasks that involve gathering information from different sources, using it to improve its quality, accuracy or derive new information [5] . An example of this approach can be found in the Sensor 9K testbed [6] where data about humidity, temperature, air velocity, among others, is used to derive human thermal sensation. Such sets of data, information and knowledge can be used as context to help identify profile and optimize solutions and may be accessed directly through sensor data, middleware or context servers [7] .
Considering a system designed to save energy, from a sustainable perspective [8] , it entails a delicate equilibrium due to the fact that any effort made in order to gather knowledge incurs in energy expenditure and, thus, this expenditure needs to be significantly lower than the saving obtained with the information gathered. In terms of research methodology, this is usually called the observer dilemma, where the observation, by itself, introduces changes to the actual state of the system. In energetic terms, observing energy consumption and computing energy saving measures increases consumption, thus changing the problem in the process, creating an overhead that needs to be mitigated by the end solution.
Hybrid structures and planning are often means to reduce the impact of certain solution upon the global objective. One strategy to tackle this problem is to use shared data between different systems to their benefit. However, this solution needs to generalize assumptions about environments and thus reduce optimization opportunities in specialized environments. Some approaches use only user awareness by using monitoring sensors that transmit current data about consumption and aggregation systems. Other hybrid approaches use both generalizations with some contextual specializations in order to introduce some context to the solutions represented.
With information fusion, context awareness and machine learning models, it is proposed a set of strategies aiming to reduce energy and storage expenditure, reduce side effects from this workflow while maintaining accuracy and context-aware capabilities. Such strategies were used in the PHESS project, currently being developed with the aim to bring energy efficiency, comfort and sustainability to intelligent environments.
Information Fusion
Information fusion compromises the use of heterogeneous and homogenous data and information sources. There is some confusion with the terminology as some authors use the terms sensor fusion, data fusion and information fusion with the same meaning [8] . Nevertheless, it is commonly accepted that sensor fusion is a subdomain of information and data fusion as it only considers the use of data from sensors. With these theories it is possible to maintain and update information, enrich data creating new content, improving quality and providing more accurate contexts. Information fusion might also be used in order to enrich with additional contexts machine learning models describing environments, behaviors and actions inside intelligent systems. It offers basic steps for data pre-processing in machine learning activities, but they are also used to build data models and extract information [5] . Data by itself is limited in the type of knowledge and information that can be extracted from such environments. Analyzing data from different sources poses the opportunity to increase the quality of the measurements, although it may also increase some uncertainty as well [9] .
